INTRODUCTION
Overuse injuries, overtraining, and burnout among child and adolescent athletes are a growing problem in the United States. Although inactivity and obesity are on the rise, the number of children and adolescents who participate in organized or recreational athletics has grown considerably over the past 2 decades. It is estimated that 30 to 45 million youth 6 to 18 years of age participate in some form of athletics. Sports participation is more accessible to all youth, from recreational play and school activities, to highly organized and competitive traveling teams, to pre-Olympic training opportunities. The variety of available, organized sporting activities has also grown from the typical American favorites, such as football, baseball, and soccer, to include lacrosse, field hockey, rugby, cheerleading, and dance, each with its own list of sports medicine concerns. This report will assist the clinician managing young athletes by first defining the medical, psychological, and developmental concerns of intensive, focused athletic participation. In addition, it will highlight specific overtraining issues such as participation in endurance events, weekend athletic tournaments, year-round training on multiple teams, and the multisport athlete. This clinical report should be used in conjunction with the American Academy of Pediatrics policy statement on intensive training and sports specialization in young athletes. 1 There is currently a very small body of scientific evidence pertaining to these issues. Therefore, some of the recommendations are based on committee opinion and/or expertise. All clinical reports from the American Academy of Pediatrics automatically expire 5 years after publication unless reaffirmed, revised, or retired at or before that time.
The guidance in this report does not indicate an exclusive course of treatment or serve as a standard of medical care. Variations, taking into account individual circumstances, may be appropriate.
Overuse Injuries
An overuse injury is microtraumatic damage to a bone, muscle, or tendon that has been subjected to repetitive stress without sufficient time to heal or undergo the natural reparative process. Overuse injuries can be classified into 4 stages: (1) pain in the affected area after physical activity; (2) pain during the activity, without restricting performance; (3) pain during the activity that restricts performance; and (4) chronic, unremitting pain even at rest. 2 The incidence of overuse injuries in the young athlete has paralleled the growth of youth participation in sports. Up to 50% of all injuries seen in pediatric sports medicine are related to overuse. 3 The risks of overuse are more serious in the pediatric/ adolescent athlete for several reasons. The growing bones of the young athlete cannot handle as much stress as the mature bones of adults. 4, 5 For example, a young baseball pitcher who has not yet learned proper throwing mechanics (ie, recruiting the entire kinetic chainfrom foot to hand-instead of just the arm) is at risk of traction apophysitis of the medial elbow. A young gymnast who performs repetitive hyperextension activities may develop spondylolysis (ie, a stress fracture of the spine), which is an injury particular to the pediatric age group. In addition, young swimmers may not recognize signs of rotator cuff tendonitis, because they may be unable to cognitively connect vague symptoms, such as fatigue or poor performance, as a sign of injury. Identifying youth at risk of overuse injuries is the first step to prevention. Guidelines for parents, coaches, and athletes need to be developed to provide opportunities for education, injury reduction, and early recognition of overuse injuries.
Overtraining
A question often asked of the practitioner who cares for young athletes is, "How much athletic training is too much?" There are no scientifically determined guidelines to help define how much exercise is healthy and beneficial to the young athlete compared with what might be harmful and represent overtraining. However, injuries tend to be more common during peak growth velocity, and some are more likely to occur if underlying biomechanical problems are present.
A sound training regimen is essential, recognizing that although repetition is important, it may induce harm. Sport-specific drills that use a variety of modalities, such as water running for the track athlete on alternate days, may provide similar fitness benefits with less stress to the body. The American Academy of Pediatrics Council on Sports Medicine and Fitness recommends limiting 1 sporting activity to a maximum of 5 days per week with at least 1 day off from any organized physical activity. In addition, athletes should have at least 2 to 3 months off per year from their particular sport during which they can let injuries heal, refresh the mind, and work on strength, conditioning, and proprioception in hopes of reducing injury risk. In addition to overuse injuries, if the body is not given sufficient time to regenerate and refresh, the youth may be at risk of "burnout."
"Burnout" or Overtraining Syndrome Burnout, or overtraining syndrome, has been well described in the literature for adult athletes, but little is found regarding its applicability in youth. The overtraining syndrome can be defined as a "series of psychological, physiologic, and hormonal changes that result in decreased sports performance." 6 Common manifestations may include chronic muscle or joint pain, personality changes, elevated resting heart rate, and decreased sports performance. 6, 7 The pediatric athlete may also have fatigue, lack of enthusiasm about practice or competition, or difficulty with successfully completing usual routines. Burnout should be recognized as a serious sequela of overtraining syndrome. Prevention of burnout should be addressed by encouraging the athlete to become well rounded and well versed in a variety of activities rather than 1 particular sport. The following guidelines are suggested to prevent overtraining/burnout:
1. Keep workouts interesting, with age-appropriate games and training, to keep practice fun.
2. Take time off from organized or structured sports participation 1 to 2 days per week to allow the body to rest or participate in other activities.
3. Permit longer scheduled breaks from training and competition every 2 to 3 months while focusing on other activities and cross-training to prevent loss of skill or level of conditioning.
4. Focus on wellness and teaching athletes to be in tune with their bodies for cues to slow down or alter their training methods. 6 
Endurance Events
Endurance athletic events (triathlons, marathons, and half-marathons) are becoming more popular in the United States, and legitimate concerns have been raised for the safety of youth participating in these events. The American Academy of Pediatrics has stated that triathlons for children and adolescents are reasonably safe as long as the events are modified to be age appropriate. 8 Specifically, such events should be of shorter duration/ length, and careful attention should be given to safety and environmental conditions. 8, 9 Children and adolescents must be properly trained to avoid hypothermia or hyperthermia, overtraining, overuse injuries, and burnout.
Recent concerns regarding the participation of children in marathon running has led to different opinions being expressed in the literature. [10] [11] [12] There is, at present, no scientific evidence that supports or refutes the safety of children who participate in marathons. There are no recorded data on injuries sustained by children who run marathons. Marathon training requires a gradual increase in total weekly mileage, which may be less than or equal to the total weekly distance that is generally logged by high school cross-country teams (35-40 miles). Regardless, a clearly devised weekly plan, ensuring that safe running conditions are in place, and the provision of proper education on endurance activities (including environmental conditions and appropriate hydration) should all be part of the training process. A critical environmental safety concern is the ambient temperature and relative humidity, because a child is less able than an adult to handle heat stress. 13 Weatherrelated guidelines have been set for all marathons, and these guidelines should be strictly enforced by the medical director for all youth endurance events. 14 Ultimately, there is no reason to disallow participation of a young athlete in a properly run marathon as long as the athlete enjoys the activity and is asymptomatic. 15 
Weekend Athletic Tournaments
Weekend-long sports tournaments for soccer, baseball, or tennis are common across the country. Often, these athletes are actively participating at least 6 hours each day in their sport and are exposed to the associated weather elements for an additional 2 to 3 hours. The risks associated with these events include heat-related illness, nutritional deficiencies, overuse injuries (eg, pitching in multiple games over a 48-hour span), and burnout from having a lack of "free time." Research examining the possibility of fatigue contributing to an increased injury risk in the tournament situation does not exist, but the general overtraining-prevention guidelines outlined earlier should also apply.
Year-Round Training on Multiple Teams
Single-sport, year-round training and competition is becoming more common for children and adolescents. A focus on participating in 1 sport, or single-sport specialization, to improve, advance, and compete at the highest level may drive youth to participate for long hours daily on 1 or more teams at a time. This is common in soccer, baseball, and gymnastics. The motivation behind this overinvolvement may be induced by the child or parent. As more young athletes are becoming professionals at a younger age, there is more pressure to grab a piece of the "professional pie," to obtain a college scholarship, or to make the Olympic team. Most young athletes and their parents fail to realize that, depending on the sport, only 0.2% to 0.5% of high school athletes ever make it to the professional level. 16 Yet, youth continue to specialize in 1 sport while participating on multiple teams and risk overuse and/or burnout if there is no break from athletics during the year. Young athletes who participate in a variety of sports have fewer injuries and play sports longer than those who specialize before puberty. 1
Multisport Athlete
Well-rounded, multisport athletes have the highest potential to achieve the goal of lifelong fitness and enjoyment of physical activity while avoiding some of the pitfalls of overuse, overtraining, and burnout provided that they participate in moderation and are in tune with their bodies for signs of overuse or fatigue. Many youth will play multiple sports throughout the year either simultaneously or during different seasons. They may do this because they enjoy multiple sports or because their coach or parent pushes them to participate in other sports to condition them for their primary sport or in hopes of being noticed by college or professional scouts. There may be additional pressures from other coaches who wish to better their team by calling on wellrounded athletes from other sports. Multisport athletes are at risk of overuse injuries if they do not get sufficient rest between daily activities or if they do not get a break between seasons. Multisport athletes who participate in 2 or more sports for which the major emphasis is the same body part (eg, swimmers and baseball pitchers) are at higher risk of overuse injuries than are those who participate in sports that have a different emphasis (eg, track and golf).
What Is the Goal of the Athlete?
The ultimate goal of youth participation in sports should be to promote lifelong physical activity, recreation, and skills of healthy competition that can be used in all facets of future endeavors. As providers of care for youth, it is important to obtain a physical activity history (type of activity, frequency, duration) and take the opportunity to promote healthy participation and preventive care measures. Education of parents, athletes, and coaches must be part of the plan to promote fun, skill development, and success for each individual athlete. Skilled young athletes must be mentored carefully to prevent overparticipation, which may affect them physically as well as psychologically. The parent or pediatrician may wonder how hard a child should be pushed to train and compete. Ultimately, it is important for the practitioner to discuss the underlying motivation for sport participation with the athlete, the parent, and, possibly, the coach. Unfortunately, too often the goal is skewed toward adult (parent/coach) goals either implicitly or explicitly. The parent often hopes the child will get a scholarship, become a professional athlete, or fulfill the parents' unfulfilled childhood dreams. It is best to identify and focus on the child's motivation and goals to provide guidance.
